A bacterial strain designated 6B-8 T was isolated from crude oil from Daqing oilfield, China. Cells of strain 6B-8 T were Gram-negative, aerobic, dimorphic and reproduced by means of binary fission. Strain 6B-8 T could grow at 20-37 6C, pH 8-10 and 1-5 % (w/v) NaCl. Its genomic DNA G+C content was 62.0 mol%. The predominant cellular fatty acids were C 18 : 1 v7c, C 17 : 0 , C 18 : 0 and 11-methyl C 18 : 1 v7c and the main hydroxy fatty acids were C 12 : 0 3-OH and C 12 : 1 3-OH when grown on marine agar 2216. The major quinone was Q-10 and the major polar lipids were three unidentified glycolipids. Phylogenetic analysis revealed that strain 6B-8 T was a member of the family Hyphomonadaceae, sharing 99.6 and 99.4 % 16S rRNA gene sequence similarity with Glycocaulis abyssi LMG 27140 T and Glycocaulis albus SLG210-30A1 T , respectively, and less than 94.4 % similarity with the type strains of other members of the family Hyphomonadaceae. However, the DNA-DNA relatedness between strain 6B-8
T , respectively, and less than 94.4 % similarity with the type strains of other members of the family Hyphomonadaceae. However, the DNA-DNA relatedness between strain 6B-8 T and related strains G. abyssi LMG 27140 T and G. albus SLG210-30A1 T was 36±5 and 42±5 %, respectively. In addition, several phenotypic and genotypic features allowed differentiation of strain 6B-8 T from G. abyssi LMG 27140 T and G. albus SLG210-30A1 T . Therefore, strain 6B-8 T represents a novel species of genus Glycocaulis, for which the name Glycocaulis alkaliphilus sp. nov. is proposed. The type strain is 6B-8 T (5CGMCC 1.12428 T 5LMG 27410 T ).
In 1935, stalked bacteria were first described as the genus Caulobacter by Henrici & Johnson (1935) . Since then, a number of stalked bacteria have been isolated and assigned to the genus based on their characteristic prosthecae (Anast & Smit, 1988; Stahl et al., 1992; Strömpl et al., 2003) . A study of more than 100 prosthecate strains resulted in the reclassification of Caulobacter into three genera, which belonged to different families: Caulobacter and Brevundimonas for freshwater caulobacteria belonging to the family Caulobacteraceae, and Maricaulis for marine caulobacteria belonging to the family Hyphomonadaceae (Abraham et al., 1999) . At the time of writing, the family Hyphomonadaceae contained 14 genera, with most members isolated from marine environments (Weiner et al., 2000) . Recently, a novel genus Glycocaulis was established in the family Hyphomonadaceae (Abraham et al., 2013) , which contained only two species with validly published names at the time of writing, Glycocaulis abyssi, whose type strain LMG 27140 T was isolated from a hot-water plume of a deep-sea hydrothermal vent (Abraham et al., 2013) , and Glycocaulis albus, whose type strain SLG210-30A1
T was isolated from a petroleum-contaminated saline soil in the Shengli oilfield, China (Lv et al., 2014) . This genus accommodates Gramstaining negative, chemo-organotrophic, strictly aerobic and dimorphic bacteria, either non-motile with stalks (or prosthecae), or non-stalked and motile by means of a single polar flagellum. In addition, the genus is characterized by two major fatty acids, C 18 : 1 v7 and C 18 : 0 , Q-10 as the major respiratory quinone and unidentified glycolipids as the dominant polar lipids. The genomic DNA G+C contents of the type strains in this genus are 61.1 and 62.8 mol% (Abraham et al., 2013; Lv et al., 2014) .
Although stalked bacteria appear to be ubiquitous in freshwater and marine environments (Abraham et al., 1999; Weiner et al., 2000) , they have also recently been
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain 6B-8 T is KC222643. The accession numbers for the gyrB gene sequences of strain 6B-8 detected frequently in oil-related environments, such as petroleum-polluted soil and oil-production mixtures from oil reservoirs (Wu et al., 2009; Sun et al., 2014) , which lack bioavailable nutrients, with low oxygen availability, high osmotic pressure and toxic complex oil constituents (Feng et al., 2007; Nie et al., 2012 Nie et al., , 2013 .
In an investigation into a crude oil microbial community (Gong et al., 2012) , a novel strain 6B-8 T was isolated from crude oil. It shared high 16S rRNA gene sequence similarity with diverse environmental clones retrieved from deep-sea hydrothermal vents, petroleum-contaminated saline soil, phototrophic biofilms in an athalassohaline epsomite lake, a brackish water system, sediment of the East Pacific Ocean and surface seawater from the South China Sea (Achuthan et al., 2006; Abraham et al., 2013; Lv et al., 2014) . Based on physiological, biochemical and phylogenetic analyses, strain 6B-8
T represents a novel species of genus Glycocaulis in the family Hyphomonadaceae. In addition, as far as we can ascertain, it is the first reported dimorphic strain isolated from crude oil.
A dewatered crude oil sample was collected from No. 2 Oil Product, Daqing oilfield, with the following composition: 61.5 % saturated hydrocarbons, 23.0 % aromatic hydrocarbons, 10.4 % non-hydrocarbons and 5.1 % asphaltic components. The oil sample was inoculated in an autoclaved minimal salt medium [l
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: NaCl, 5 g; NH 4 H 2 PO 4 , 1 g; (NH 4 ) 2 SO 4 , 1 g; MgSO 4 . 7H 2 O, 0.2 g; KNO 3 , 3 g; K 2 HPO 4 , 1 g; pH 7.0; Townsend et al. (2003) ]. After cultivation at 30 u C and 150 r.p.m. with shaking for 6 days, the culture was subjected to tenfold standard dilution plating on LuriaBertani (LB) agar to 10 26 dilution, and strain 6B-8 T was isolated. After cells of strain 6B-8 T were grown in LB medium at 30 u C for 24 h, they were harvested for morphological, chemical and molecular studies. Phylogenetically closely related type strains G. abyssi LMG 27140 T and G. albus SLG210-30A1 T , obtained from the BCCM/LMG Bacteria Collection and our laboratory (Lv et al., 2014) , respectively, were used as reference strains for simultaneous phenotypic and genotypic tests.
Cell morphology was examined by using a transmission electron microscope (JEM-1230; JEOL). The pH requirement for growth was determined in LB medium at pH 4-11 (at 1 pH unit intervals) at 30 u C (Takai et al., 2002) . The temperature for growth was tested at 4, 15, 20, 25, 30, 37, 40, 45, 50 and 55 u C using LB medium. The salt requirement for growth was tested in LB medium with NaCl concentrations of 0-9 % (w/v) (at 1 % intervals) at 30 u C (Tang et al., 2003) . Oxidase activity was tested by adding oxidase reagent (bioMérieux) to a fresh colony to check whether the colour changed to purple, and catalase activity was determined by bubble production after adding 3 % hydrogen peroxide solution (Smibert & Krieg, 1994) . Hydrolysis of starch and Tween 80 was observed on LB plates containing 0.2 % (w/v) starch and 1 % (v/v) Tween 80, respectively (Williams et al., 1983) . Urease activity, nitrate reduction, hydrolysis of gelatin, indole production, glucose fermentation and utilization of carbon sources were tested by using the API 20NE kit (bioMérieux) and the Biolog GEN III MicroPlate incubated at 30 u C for 24-48 h according to the instructions of the manufacturers (Truu et al., 1999) . The carbon sources in the API 20NE kit and Biolog GEN III MicroPlate are listed in Table S1 (available in the online Supplementary Material). Enzyme activities of strain 6B-8 T were examined by using the API ZYM kit (bioMérieux) after incubation at 37 u C for 4 h according to the manufacturer's instructions (Cai et al., 2011) . Tests of antimicrobial susceptibility were performed by using the disc diffusion (Kirby-Bauer) method (Fraser & Jorgensen, 1997; Andrews, 2008) with the following compounds: amikacin (30 mg), ceftazidime (30 mg), ciprofloxacin (5 mg), ofloxacin (5 mg), gentamicin (10 mg), kanamycin (30 mg), rifampicin (5 mg), erythromycin (15 mg), clindamycin (2 mg), neomycin (30 mg), tetracycline (30 mg), chloramphenicol (30 mg), novobiocin (5 mg), vancomycin (30 mg), midecamycin (15 mg) penicillin (10 mg), amoxicillin (10 mg) and cefotaxime (30 mg). Simultaneously, parallel tests were made with G. abyssi LMG 27140
T and G. albus SLG210-30A1 T using the same methods, in order to identify morphological and physiological differences between strain 6B-8 T and the two most closely related type strains.
For cellular fatty acid analysis, cell mass of strain 6B-8 T , G. abyssi LMG 27140 T and G. albus SLG210-30A1 T was harvested from marine agar 2216 (MA) plates after incubation for 48 h at 30 u C (at the late exponential growth phase) . In addition, cell mass of the three strains grown in SPYEM medium was also collected after incubation for 48 h at 28 u C (at the late exponential growth phase) (Abraham et al., 2013; Lv et al., 2014) . The fatty acids were extracted and prepared according to the standard protocol of the Microbial Identification System (MIDI; Microbial ID Inc.) and analysed as described by Wang et al. (2010) . Cellular polar lipids were extracted using the chloroform/methanol system, and identified by two-dimensional TLC (Kates et al., 1972) . TLC plates were sprayed with molybdatophosphoric acid for the detection of total lipids, 1-naphthol for detection of sugar groups, ninhydrin for amino groups and molybdenum blue or phosphate stain for phosphate groups. In order to identify aminolipids present in the total lipids, ninhydrin and molybdatophosphoric acid was applied to the same plate. Isoprenoid quinones were analysed using HPLC with an Agilent column (internal diameter, 4.6 mm; length, 15 cm) filled with Kromasil 100-5 C 18 , as described by Komagata & Suzuki (1987) .
Genomic DNA was extracted with a previously described method (Marmur, 1961) from cells grown in LB medium for 24 h at 30 u C. The 16S rRNA gene of strain 6B-8 T was amplified and sequenced by using primers 8F (59-AGAG-TTTGATCCTGGCTCAG) and 1492R (59-GGTTACCT-TGTTACGACTT) (Embley, 1991) . The almost-complete 16S rRNA gene sequence of strain 6B-8 T (1389 nt) was compared with those available through the EzTaxon program (Chun et al., 2007) based on pairwise sequence comparisons. In order to determine the approximate phylogenetic affiliation, the BLAST program (NCBI) was used. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods with T with the primers UP-1 (59-GAAGTCATCATGACC-GTTCTGCAYGCNGGNGGNAARTTYGA) and UP-2r (59-AGCAGGGTACGGATGTGCGAGCCRTCNACRTCNGCR-TCNGTCAT) by a previously described method (Yamamoto & Harayama, 1995) . The PCR amplicons were purified, cloned into the pGEM-T vector and sequenced with primers UP-1S (59-GAAGTCATCATGACCGTTCTGCA) and UP-2Sr (59-AGCAGGGTACGGATGTGCGAGCC). The sequenced gyrB genes were analysed by using the BLAST program (NCBI) to determine phylogenetic affiliation and sequence similarity. DNA-DNA hybridization experiments between 6B-8 T and G. abyssi LMG 27140 T and G. albus SLG210-30A1
T were performed in triplicate following the methods of De Ley et al. (1970) . After extracting genomic DNA from strain 6B-8 T , G. abyssi LMG 27140 T and G. albus SLG210-30A1 T , random amplified polymorphic DNA (RAPD) analysis (Moschetti et al., 1998; Jadhav et al., 2010; Reginensi et al., 2011) was carried out with five random primers (Table S2) with a previously described protocol (Xue et al., 2010; Reginensi et al., 2011) , to distinguish strain 6B-8 T further from G. abyssi LMG 27140 T and G. albus SLG210-30A1
T . The genomic DNA G+C content of strain 6B-8 T was estimated from the midpoint value (T m ) of the thermal denaturation profile (Mandel et al., 1970) , with DNA from Escherichia coli K-12 as a reference.
Colonies were white and round, 1-2 mm in diameter, when incubated on LB agar plates at 30 u C for 48 h. Cells were Gram-negative and dimorphic rod-shaped (Fig. 1) . Both Caulobacter-type morphologies were recognized. One was non-motile with a characteristic stalk (or prostheca), 0.5-1.5 mm long, and terminated by a distinct holdfast. The non-stalked form was motile by means of a single polar flagellum. Reproduction occurred by binary fission. Growth occurred in the presence of 1-5 % (w/v) NaCl. The pH and temperature ranges for growth were pH 8-10 and 20-37 u C. Optimum growth occurred at 1-5 % (w/v) NaCl, pH 9 and 30-37 u C. In contrast to strain 6B-8 T , both G. abyssi LMG 27140 T and G. albus SLG210-30A1 T could grow at 40 u C. Strain 6B-8
T was aerobic and weakly positive for hydrolysis of starch, whereas it was negative for activities of oxidase, catalase and urease, glucose fermentation, nitrate reduction, indole production and hydrolysis of Tween 80. Consistent with the properties of the other type strains in the genus Glycocaulis, strain 6B-8 T could utilize a very narrow spectrum of carbon sources (Table S1 ). Differences in morphological and physiological characteristics among 6B-8 T , G. abyssi LMG 27140 T and G. albus SLG210-30A1
T are shown in Table 1 .
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Oceanicaulis stylophorae GISW-4 T (HM035090)
Oceanicaulis alexandrii C116-18 T (AJ309862)
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Glycocaulis alkaliphilus In the phylogenetic trees reconstructed from almostcomplete 16S rRNA gene sequences by the neighbourjoining, minimum-evolution, maximum-likelihood and maximum-parsimony algorithms with the MEGA 5 software (Figs 2, S1, S2 and S3), strain 6B-8 T , G. abyssi LMG 27140 T and G. albus SLG210-30A1 T formed a stable clade (with a bootstrap resampling value of 100 %), revealing that strain 6B-8
T is a member of genus Glycocaulis. According to pairwise sequence comparisons, strain 6B-8 T shared 99.6 and 99.4 % 16S rRNA gene sequence similarity with G. abyssi LMG 27140 T and G. albus SLG210-30A1 T , respectively, but less than 94.4 % sequence similarity with the type strains of other members of the family Hyphomonadaceae. The DNA-DNA relatedness between strain 6B-8 T and the reference type strains G. abyssi LMG 27140 T and G. albus SLG210-30A1
T was 36±5 and 42±5 %, respectively, values which are significantly lower than 70 %, the cut-off point recommended for the assignment of strains to the same genomic species (Tindall et al., 2010) . In addition, the sequence similarity of the housekeeping gene gyrB between 6B-8 T and G. abyssi LMG 27140 T and G. albus SLG210-30A1 T was 91.3 and 91.4 %, respectively. As described before (Yamamoto et al., 1999; Wang et al. 2007) , strains can be considered as members of different species when their gyrB gene sequence similarity is lower than 95 %. Furthermore, in the RAPD profiles, strain 6B-8 T showed a unique PCR amplicon profile when compared with G. abyssi LMG
27140
T and G. albus SLG210-30A1 T (Fig. S4) . The genomic DNA G+C content of strain 6B-8 T was 62.0 mol%, which was consistent with values reported for type strains in the genus Glycocaulis.
The major fatty acids (.5 % of the total fatty acids) of strain 6B-8 T grown on MA were C 18 : 1 v7c (50.3 %), C 17 : 0 (12.1 %), C 18 : 0 (12.3 %) and 11-methyl C 18 : 1 v7c (9.8 %) ( Table 2 ). The fatty acid profile of strain 6B-8 T was consistent with those of G. abyssi LMG 27140 T and G. albus SLG210-30A1
T cultured under the same conditions (Abraham et al., 2013) . The main hydroxy fatty acids in strain 6B-8 T were C 12 : 0 3-OH (0.4 %) and C 12 : 1 3-OH (0.3 %), which are characteristic of the genus Glycocaulis (Abraham et al., 2013; Lv et al., 2014) . However, there were some differences between the strains: G. abyssi LMG 27140
T contained more C 18 : 1 v7c (62.0 %) but less C 17 : 0 (5.0 %) and G. albus SLG210-30A1
T contained less C 17 : 0 (4.5 %). In addition, the fatty acid profiles of the three strains grown in SPYEM medium were similar to the results obtained on MA (Table S3) . As for the polar lipid profile, three glycolipids (GL1, GL2 and GL3) were the major lipids in strain 6B-8 T , which was consistent with results reported for G. abyssi LMG 27140 T and G. albus SLG210-30A1
T (Abraham et al., 2013; Lv et al., 2014) . After spraying with ninhydrin, one amino-group-containing compound was found on the plates of strain 6B-8 T and G. albus SLG210-30A1 T . However, a lipid could not be found in the same position on plates sprayed with other chromogenic agents including molybdatophosphoric acid and ninhydrin/molybdatophosphoric acid (Fig. S5) . Considering the fact that total lipids were coloured by molybdatophosphoric acid, we conclude that the amino-groupcontaining compound found on the plates sprayed with ninhydrin was not a lipid. The major isoprenoid quinone in strain 6B-8 T was Q-10, which was the same as that reported for type strains in the genus Glycocaulis.
Based on the above phenotypic and phylogenetic analyses, the main features of strain 6B-8 T are consistent with the properties of the genus Glycocaulis, but different in detail from those of related species. Strain 6B-8 T is therefore considered to represent a novel species of the genus Glycocaulis within the family Hyphomonadaceae, for which the name Glycocaulis alkaliphilus sp. nov. is proposed.
Description of Glycocaulis alkaliphilus sp. nov.
Glycocaulis alkaliphilus [al.ka.li9phi .lus. N.L. n. alkali alkali; N.L. adj. philus, -a, -um (from Gr. adj. philos, -ê, -on) friend to, loving; N.L. masc. adj. alkaliphilus loving alkaline conditions].
Colonies are white and round, 1-2 mm in diameter on LB agar plates when incubated at 30 u C for 48 h. Cells are aerobic, Gram-negative and dimorphic rod-shaped, either non-motile with stalks, or non-stalked and motile by a single polar flagellum. Optimum growth occurs at 1-5 % (w/v) NaCl, pH 9 and 30-37 u C. Positive for activities of alkaline and acid phosphatase, esterase (C4), esterase lipase (C8), trypsin, chymotrypsin, leucine arylamidase, valine arylamidase, cystine arylamidase and naphthol-AS-BIphosphohydrolase, but negative for activities of lipase (C14), gelatin, a-and b-galactosidase, a-and b-glucosidase, N-acetyl-b-glucosaminidase, b-fucosidase, a-mannosidase and b-glucuronidase. Can utilize gelatin, acetic acid, L-serine, L-alanine, L-glutamic acid, Tween 40 and bhydroxybutyric acid as carbon sources, but not the other compounds in the Biolog GEN III MicroPlate and API 20NE kit (Table S1 ). Sensitive to ciprofloxacin, ofloxacin, penicillin, gentamicin, cefotaxime, amoxicillin, erythromycin, rifampicin, tetracycline, chloramphenicol, neomycin, novobiocin and ceftazidime, but resistant to amikacin, kanamycin, clindamycin, vancomycin and midecamycin. The major fatty acids are C 18 : 1 v7c, C 17 : 0 , C 18 : 0 and 11-methyl C 18 : 1 v7c, and the main hydroxy fatty acids are C 12 : 0 3-OH and C 12 : 1 3-OH. The major isoprenoid quinone is Q-10 and the major polar lipids are three unidentified glycolipids.
The type strain, 6B-8 T (5CGMCC 1.12428 T 5LMG 27410 T ), was isolated from crude oil collected from Daqing oilfield. The DNA G+C content of the type strain is 62.0 mol%.
